It is important to note that atomistic modeling and simulations are becoming increasingly popular in the field of corrosion inhibition of metal surfaces. In this work, we investigated the adsorption properties and corrosion inhibition efficiencies of some benzothiazole derivatives (ABT, TCHBT, TSCBT) against the corrosion of iron metal using molecular dynamics simulation approach. It is important to note that adsorption and binding energies calculated considering adsorption processes on Fe metal surface of aforementioned inhibitory molecules are in good agreement with experimental data reported earlier.
INTRODUCTION
Corrosion can be defined as an undesirable process that causes destruction of the metal surfaces (1) . Nowadays, corrosion inhibition study is a very active field of research. It is important to note that iron and copper metals are widely used in industry and the corrosion of such metals is one of the reasons of great economic losses worldwide (2) . One of the most common approaches considered to protect the metal surfaces from corrosion is to use corrosion inhibitor. A corrosion inhibitor is a chemical compound which, when added in small concentrations to an environment, minimizes or prevents corrosion (3) .
Many researchers noted that most effective corrosion inhibitors are π-systems and heterocyclic compounds (4, 5) . In Figure 1 , the molecular structures of considered molecules in this study are given. In the current literature, many benzothiazole derivatives reported as photostabilizers, metal complexing agents and non-toxic compounds. In 2012, Parameswari (7) and coworkers synthesized some benzothiazole derivatives, namely (benzothiazole-2-amine (ABT), benzothiazole-2-yl-thiocarbohydrazide (TCHBT) and benzothiazole-2-yl-thiosemicarbazide (TSCBT) and investigated their anticorrosive performances for mild steel in acidic medium by weight loss, potentiodynamic polarization and AC-impedance techniques. As a result of these studies, the authors obtained the experimental inhibition efficiency order for mentioned molecules as: TCHBT > TSCBT > ABT.
The objective of this work is to study the influence of the molecular structure on the inhibition of iron corrosion with the help of molecular dynamics simulations approach and to make a comparison with experimental data and theoretical data obtained in this study.
COMPUTATIONAL DETAILS
The interaction analysis between studied benzothiazole derivatives and Fe (110) ( )
In Eq. 1, Ecomplex is the total energy of an inhibitor molecule and the metal surface system. EFe is described as the energy of Fe surface without adsorption of any inhibitor molecule and Einh represents the energy of isolated inhibitor molecules. As is known, the binding energy (Ebinding)
is considered as the negative value of the adsorption energy and is calculated via following equation (10, 11) .
binding ads It was reported in many studies that the primary mechanism of the interaction between corrosion inhibitors and metallic iron is by adsorption. Therefore, the adsorption energies calculated via molecular dynamics simulations approach can provide us a direct tool to compare the anticorrosive performances of inhibitor molecules. It is seen from the Table 1 
CONCLUSION
In the present study, molecular simulation approach was employed to evaluate the corrosion inhibition performances against the corrosion of iron metal with some benzothiazole derivatives. The calculated adsorption and binding energies showed that ABT, TCHBT, TSCBT molecules are good corrosion inhibitors against the corrosion of iron. All the values of the adsorption energies are negative and these negative values are evidences of a spontaneous and strong adsorption process. Side chains appearing in the molecular structures of studied benzothiazole derivatives are very important the adsorption on Fe surface of these molecules.
As results, the results obtained theoretically in this study are in good agreement with experimental data reported earlier.
